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I. INTRODUCTION 
A. Executive Summary 
A late winter survey of upper Boca Ciega Bay and adjacent waters of the 
Gulf of Mexico off Johns Pass was conducted for the Board of County 
Commissioners of Pinellas County, Florida. Studies of hydrography, water 
quality and benthic vegetation were undertaken to help determine the 
feasibility of discharging tertiary treated sewage into the Bay or secondary 
treated sewage into the Gulf of Mexico. 
During this period the Bay could be characterized as a two-part system. 
The western portion included Johns Pass and the northwest arm of the Bay 
extending to Madeira Beach Causew~y. It exhibited a more vigorous circu-
lation pattern, was generally better flushed and contained more seagrass beds 
than did the eastern bay system. Discharge of tertiary treated sewage into 
the western system on an ebb tide would yield greatest possible dilution 
within the bay. Continuous release might compound an existing problem in 
the Madeira Beach Causeway area. Both timed and continuous discharge schemes 
and sites require more detailed physical/biological study. 
The eastern portion of the two-part Boca Ciega Bay system receives a large 
volume of waste water from sources on Lake Seminole and Cross Bayou and 
from the City of St. Petersburg Northwest outfall. This water is conveyed 
in a southerly direction, with some mixing of water from Johns Pass, toward 
the Treasure Island Causeway. This eastern part of the bay exhibited poor 
water quality and minimal seagrass beds. If the proposed tertiary treated · 
effluent were not to be piped to the western bay system where it would be 
best diluted, rather than discharge it in this eastern system, under certain 
conditions it might be better to release it directly to Cross Bayou. 
Discharge of secondary treated effluent offshore in the Gulf raises two 
serious environmental questions. First, the limited evidence of this 
study shows an onshore component of currents, at least near the bottom. 
Although dilution of effluents from a properly designed diffuser outfall 
would undoubtedly be great, the result may not be acceptable. Secondly, 
extensive dredging for the discharge pipe would be necessary. Upland 
spoil disposal would probably be required. For these reasons, we do not 
presently recommend offshore disposal of secondary treated effluent without 
further investigation, including a tracer study, during times of perSistent 
onshore winds and a seasonal analysis of the vertical distribution of sea 
water density at the discharge point. 
B. Objectives 
This report describes a quantitative study of selected environmental para-
meters in a portion of Boca Ciega Bay and in the Gulf of Mexico adjacent 
to Johns Pass. The investigation included an analysis of hydrography and 
water quality during the period 14-20 February 1973. The objective of the 
study was to assess the present marine environment in order to judge the 
ecological feasibility of discharging tertiary treated sewage effluent 
into Boca Ciega Cay or secondary treated effluent into the Gulf of Mexico. 
The discharge would come from the proposed expansion of the South Cross Bayou 
sewage treatment plant. 
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C. Authority For This Study 
This report was prepared in compliance with an agreement entered into on 
30 January 1973, between the Board of County Commissioners, Pinellas County, 
Florida, and Geo-Marine, Inc., St. Petersburg, Florida. 
D. The Scope of This Study 
Although studies of the region have been conducted in the past, there was 
very little synoptic data available on the bay's hydrography. The distri-
bution of nutrients, oxygen, coliform bacteria and other parameters of 
concern is controlled by water motion. Thus, a thorough understanding of 
the reasons for the distributions described in this report requires some in-
sight into transport and dilution processes. This study, therefore, placed 
emphasis on natural physical processes and outlined the distribution of 
effects of the various known discharges. It must be recognized that the 
study encompassed a relatively short period of time during the winter and 
results cannot be extrapolated with confidence to periods of higher 
expected ecological stress, such as the summer months. 
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II. REGIONAL SETTING 
Boca Ciega Bay is a shallow coastal lagoon separated from the adjacent Gulf 
of Mexico by a chain of barrier islands. The entire bay is approximately 
16 miles long, has an area of apprcximate1y 25 square miles, and a depth of 
less than 1.8 meters (5.9 feet) over 80% of its area (Olson, 1953; Olson 
and Morrill, 1955). 
Among the investigations of Boca Ciega Bay have been studies of the Bay's 
hydrology and water quality (Taylor and Sa1oman, 1968), submerged vegetation 
(Pomeroy, 1960; Phillips, 1960), benthic invertebrates (Hutton et a1., 1956; 
Bullock and Boss, 1963; Sykes and Hall, 1970), and sediments (Goodell and 
Gorsline, 1961; Taylor and Sa1oman, 1968). 
Since 1940, developmental filling of Boca Ciega Bay has reduced its area by 
approximately 20% (Sa1oman, 1965). Undisturbed sediments in the area have 
been described as a mixture of shell and sand (Goodell and Gorsline, 1961). 
Areas adjacent to finger-fill developments may be expected to be finer 
grained due to reduced flushing. Inter-finger canals may contain as much 
as 80% silt (Sykes, 1966). The large amount of organic matter in these fine 
grained sediments results in a high BOD which diminishes the dissolved 
oxygen to the point that most invertebrates fail to survive (Sykes, 1972) . 
In undisturbed areas of Bocq Ciega Bay, sea grass, especially turtle grass 
(Tha11assia testudinum Konig), forms luxuriant beds in shallow water where 
light is adequate (Phillips, 1960). Dredging has increased the turbidity 
of the adjacent waters, however, resulting in the decline of sea grasses 
in Boca Ciega Bay (Taylor and Sa1oman, 1968). 
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The hydrology and water quality of the entire Boca Ciega Bay system have been 
studied by the National Fisheries Service Biological Laboratory on 
St. Petersburg Beach. From 1954 to 1961 the mean annual concentration of 
total phosphorus in Boca Ciega Bay increased from 2.5 pg.at./l to 8.0 pg. 
at./l (Taylor and Saloman, 1968). Table 1 summarizes the water quality 
conditions in the vicinity of Cross Bayou during 1968 (Saloman and Taylor, 
1971 ) . 
TABLE 1 
WATER QUALITY PARAMETERS IN THE VICINITY OF CROSS BAYOU, 1968 
(From Saloman and Taylor, 1971) 
Total 
Phosphorus Total Kjeldahl DO Turbidity 
1968 (Ug. at./l) Nitrogen (tlg. at. /l ) mlll iter (JTU) 
2 Jan 14.2 51.4 4.99 4.8 
1 Feb 9.8 36.4 4.99 12.5 
4 March 3.5 5.7 4.99 7.1 
4 Apri 1 17.5 32.8 4.03 3.2 
1 May 9.7 63.6 3.46 7.8 
3 June 16.1 51.4 3.38 10.7 
1 July 15.6 62.8 3.62 11.0 
1 Aug 20.8 75.0 1. 54 6.6 
4 Sept 15.5 47.8 3.95 3.3 
1 Oct 16.6 42.8 3.30 2.3 
4 Nov 9.2 59.3 3.78 8.0 
2 Dec 10.1 40 :7 4.51 6.4 
Nitrogen and phosphorus normally enter the Tampa Bay system from rivers 
and springs (Dragovich and May, 1972). The most important natural source 
of phosphorus is the Alafia River. In areas such as upper Boca Ciega Bay, 
which receives little freshwater runoff, the high concentrations of nitrogen 
and phosphorus are due to domestic pollution (Taylor and Saloman, 1968). In 
1966, approximately 17 million gallons per day of secondary treated sewage 
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were released into Boca Ciega Bay (Taylor and Sal oman , 1968). 
As a result of this domestic pollution, Boca Ciega Bay has become progressively 
more eutrophied. As sea grasses have declined, algae such as Gracilaria, 
Ulva, and Enteromorpha have become abundant. These algae often produce foul 
odors when they decompose. 
The salinity, temperature and pH of Boca Ciega Bay are similar to those of 
the adjacent Gulf of Mexico since there is little land drainage into the 
bay (Taylor and Sal oman , 1968). The portion of Boca Ciega Bay which was 
the subject of this study included all of the main body of water delimited 
by Madeira Beach Causeway, Johns Pass, Treasure Island Causeway and Seminole 
Bridge (See Figure 1). This portion of the bay received fresh water inflow 
primarily from the Cross Bayou-Lake Seminole confluence. The bay communi-
cates direct1y with the Gulf of Mexico through Johns Pass and indirectly via 
r1adeira Beach and Treasure Island Causeways. The Intracoastal Waterway 
traverses the length of the bay and an intersecting channel leads to Johns 
Pass. Tidal' currents in the bay proper are weak (0.1 - 0.5 kts.) and poorly 
defined (Goodell and Gorsline, 1961). Fresh water inflow 1rom Lake Seminole 
has been measured and the average discharge for the years 1950 to 1970 was 
15.3 cubic feet per second (0.99 MGD)(Cherry, Personal Communication). 
During the period of the survey, at least seven sewage treatment plants were 
discharging effluent into the region. The City of Pinellas Park, South 
Cross Bayou, Cross State and Bay Pines Estates sewage treatment plants all 
discharge outside the actual study area and can be collectively regarded 
as one discharge upstream (north) of Seminole Bridge. Madeira Beach, 
6 
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Figure 1. The Study Area and Adjacent Waters 
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Treasure Island and St. Petersburg Northwest sewage treatment plants all 
discharge directly into Boca Ciega Bay. Table 2 summarizes the volume out-
put from each plant as reported by the Pollution Control Department, 
Pinellas County. 
The Gulf of Mexico to the west of Johns Pass has a gently sloping bottom 
---- - - -
with the 241 contour approximately 3 miles offshore. Treasure Island and 
Madeira Beach are barrier islands which separate Boca Ciega Bay, a geomor-
phological lagoon from the continental shelf of the inner Gulf of Mexico. 
The shorelines of both islands have been highly developed and often modified 
by erosion and by beach replenishment projects. North of Johns Pass, the 
city of Madeira Beach is continuous with several other municipalities along 
Sand Key approximately 12 miles north to Clearwater Pass. South of Johns 
Pass, Treasure Island extends for 3 miles to Blind Pass, the southern limit 
of the survey area. 
The gently sloping shelf of the Gulf of Mexico is modified in the area of 
Johns Pass by a bay mouth delta. This delta extends approximately one-half 
mile into the Gulf and is roughly coincident with the seaward end of the 
dredged channel through the Pass. The delta indicates a significant 
deposition of sediment derived from long-shore and bayward sources. The 
delta is similar in shape to a plume of discolored water. This plume was 
observed from the air several times extending in a 1-1/2 nautical mile 
radius semi-circle centered on Johns Pass. 
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TABLE 2 
VOLUME OUTPUT OF SEWAGE TREATMENT PLANTS IN THE SURVEY REGION 
MILLIONS OF GALLONS PER DAY (M.G.D.) 
SEWAGE TREATMENT PLANT 
City of South Bay 
1973 Pinellas Cross Cross Pines Madeira Treasure St. Petersburg 
Date Park Bayou * State Estates Beach Island N.W. 
14 Feb . 3.50 7.0 0.82 0.33 1.89 1.84 6.6 
15 Feb. 3.66 7.0 0.84 0.35 2.04 1.81 6.9 
16 Feb. 3.30 7.0 0.82 0.32 2.06 1. 78 6.8 
1.0 
17 Feb. 3. 56 7.0 0.85 0. 30 1. 92 1. 79 6.9 
18 Feb. 3.45 7.0 0.84 0.36 1. 91 1.85 6.5 
19 Feb . 3.56 7.0 0.80 0.38 1.81 1.85 7.3 
20 Feb. 3.66 7.0 0. 78 0.34 1.81 1.84 7.2 
* Estimates 
III. METHODS 
A. Study Sequence 
. A field study of selected ecological properties of Boca Ciega Bay and 
adjacent Gulf of Mexico waters was conducted during the period 14-20 
February,1972. The survey plan is illustrated in Figure 2 which compares 
tidal phase to the time of a particular measurement. 
On 14 February, the horizontal survey grid in Boca Ciega Bay was established 
(Index Chart, Figure 3), and the first horizontal temperature measurement 
run was made. During the afternoon of 15 February, self-recording current 
meters, tide gauges and a thermograph were placed at critical locations in 
the bay as shown in Figure 3. On the morning of 16 February, mean salinity 
and temperature of the bay were determined for the purpose of calibrating 
the dissolved oxygen sensors. Calibration against Winkler titrations was 
completed just prior to commencement of the 19 hour water quality survey at 
1700 EST on 16 February. The water quality survey included 6 separate 
sampling runs to 10 stati9ns throug~out the bay and was timed to cover 1-1/2 
tidal cycles. Water samples, with simultaneous measurements of temperature 
and salinity, were taken pt the surface and bottom at each station. This 
phase of the program was completed at 1200 EST on 17 February, and the 
recording current meters, tide gauges and thermograph were retrieved. On 
18 February the bay temperature and dissolved oxygen continuous underway 
surveys were completed for high tide (1132-1445 EST) and low tide (1620-
1912 EST). Since rough seas in the Gulf were expected for 19 February, a 
larger vessel (equipped with automatic tracking LORAN) was leased for the 
measurement program to the west of Johns Pass. During the morning of 19 
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February, four current meters were placed at the extremities of the survey 
area, and a tide gauge was placed at Johns Pass. From 1124 to 1507 EST, a 
period of high tide, continuous underway measurements of temperature, dissolved 
oxygen and transmissivity were made over the tracks shown in Figure 4. At 
each of the 10 stations shown in Figure 4, water samples were taken at the 
surface and bottom. The survey was repeated during ebb tide, 1555-1859 
EST, after which the current meters and tide gauge were retrieved. The second 
survey deleted two measurement tracks to improve synopticity, but all water 
quality stations were retained. 
On 20 February, between 0845 and 0914 EST (flood tide) and 1545 and 1616 EST 
(ebb tide), Rhodamine WT dye was dropped at eight stations in the bay. During 
these periods aerial photographs were made in order to determine general flow 
patterns and identify prominent submerged vegetation features. 
B. Methodology and Instrumentation 
1. Currents and Tides 
The current velocity instruments which were used in this survey are General 
Oceanics Model 2010 Film Recording Current Meters. The instruments are 
bottom-mounted, buoyant drag body directional inclinometers. During this 
study, they were moored on a 3' tether in order to minimize bottom friction 
bias; however, this procedure introduces a small bias toward lower current 
readings. Alth6ugh no manufacturer's estimates of accuracy are available, 
the device obeys well established force/velocity relationships. It is 
estimated by Geo-Marine to be accurate, with the 3' tether, to within 5% 
in speed (up to 80 em/sec) and within 15 degrees in direction. This 
13 
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estimate is based on measured performance of similar instrumentation. 
Current meters were set for a ·nominal sampling interval of 5 minutes during 
the times of deployment. The current meter and marker buoy which had been 
placed at Station 4 in the Gulf could not be found, although its placement 
was known within 100 1 by LORAN fix. This current meter had previously been 
located at Seminole Bridge, and the c~rrent record at both locations was 
therefore lost. The current meter placed at Gulf station 3 malfunctioned 
and produced no data in the Gulf and only 6 hours of data at Treasure Island 
Causeway. 
Tides were measured at ·Johns Pass, Madeira Beach Causeway, Seminole Bridge 
and Treasure Island Causeway with Benthos Model 2820-2 chart recording tide 
gauges. The instruments are bellows type mechanical pressure sensors with a 
spring wound 3 day clock mechanism. Their f~ll scale rang~ is 6 1/2 feet. 
Since they could not be emplaced during this study with reference to estab-
lished elevations, tide records are referred to an arbitrary zero. This does 
not detract from their main function which is to establish tidal phasing 
between stations and over-all tidal range. Manufacturer stated accuracy for 
the device is 2% of full scale depth range and 0.3% in time. 
Aerial photography of dye was used to complement the data on general flow 
patterns and to gain a qualitative insight into diffusion processes. At .. 
each of eight stations in the bay 1/2 liter of Rhodamine WI dye was dropped. 
A flight was made during both ebb and flood tides. Sequential aerial photo-
graphs of the dyel.s progression were made from an altitude of 800 1 • The 
camera used was a 35 mm single lens reflex Mamiya/Sekor Auto XL with a wide 
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angle 28 mm lens and polarizing filter. Film was Fujichrome ASA100. Nearly 
400 photographs were obtained during t~e two flights. 
2. Salinity and Temperature 
Salinity was measured in two ways. All measurements prior to 1900 EST on 
16 February were made ~ situ with a Beckman RS5-3 inductive salinometer. 
All subsequent salinities were determined in the laboratory with a Beckman 
Model RS7-B salinometer. All water samples for this and subsequent 
laboratory determinations were taken in Niskin 1.7 liter non-metallic 
samplers. 
The Beckman RS5-3 measures,in situ, the specific conductivity and temperature 
of water surrounding the sensor and computes salinity by means of an internal 
analog computer. The readout can be assigned an absolute accuracy no better 
than 1 ppt in salinity and 0.2°F in temperature. The laboratory salinometer, 
on the other hand, is capable of accuracies better than 0.01 ppt. 
Temperature measurements were made by continuous underway measurements, with 
a recording thermograph (one station), and with a portable thermistor thermo-
meter. Continuous underway three-dimensional measurements of temperature 
were made by towing a series of fast response temperature sensors over a pre-
determined grid track. The sensors were affixed at various depths along a 
wire stress member held in tension by an oceanographic wire line depressor 
at the lower terminus. Wire angle (and, therefore, sensor depth) was con-
tinuously measured by a pendulous accelerometer mounted on the stress member. 
The boat driver monitored wire angle and controlled boat speed to keep the 
angle constant. All data were acquired to a sensitivity of O.loF and 
16 
absolute accuracy was better than 0.3°F. Data from all sensors were digitally 
recorded, sequentially at 1 second intervals. 
Other instrumentation used for temperature measurement included a General 
. 
Oceanics Recording Thermograph, Model 3070, which was placed at the St. 
Petersburg sewer outfall. · Data accuracy is stated by the manufacturer as 
0.5°C (0.9°F). Temperatures were taken during the 19 hour water quality 
survey with a YSI Model 54 dissolved oxygen/temperature probe and readout. 
The manufacturer stated accuracy of the Model 54 is 0.7°C (1.25°F). 
3. Biochemical Oxygen Demand (BOD) and Dissolved Oxygen (DO) 
BOD samples were incubated in the field within 90 minutes of collection and 
maintained at 20°C for the 5 day incubation period. O~ygen determination 
was then made by means of a modified Winkler Technique as described in 
Methods for Chemical Analysis of Water and Wastes (1971). Dissolved oxygen 
values were determined in the field by the same technique. 
The three-dimensional distribution of dissolved oxygen was measured by 
affixing a series of YSI Model 5419 dissolved oxygen probes to the towed 
sensor string described earlier in the section on salinity and temperature 
measurement. The DO sensors were attached adjacent to the temperature 
sensors. The on-deck portion of the instrumentation consisted of YSI Model 
54 dissolved oxygen meters, outputs of which were digitally recorded with the 
temperature data. . .. . 
Continuous underway measurements made during the program were carefully 
calibrated against the modified Winkler method in order to assure that 
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errors due to vessel speed were known. Samples were taken during measure-
ment runs and the Winkler results were compared to the recorded readouts 
of the YSI instruments. A towing speed error of 0.4 ppm was noted and 
correction was made to all data before contouring. The new probes used on 
this program are estimated by YSI to have a 10 second response time to 90% 
of change in DO reading. Manufacturer stated accuracy is 0.1 ppm (on the 
0-10 ppm scale used) within 5°C (9°F) of calibration temperature. Over-all 
system accuracy of the Geo-Marine system is estimated as 0.2 ppm. All 
continuous underway measurements of dissolved oxygen were recorded automa-
tically on a digital printer. Samples were taken sequentially at 1 second 
intervals by multiplexing the outputs of the sensor signal conditioners to 
a digital voltmet.er and printer. For the 10 multiplexer channels used on 
this survey, this resulted in a complete data set of temperature and dissolved 
oxygen every 10 seconds. Dissolved oxygen and temperature sensors were placed 
at the surface (8") and 2' depths on all horizontal tows in the bay. Sensors 
were placed at the surface (8"), 3' and 6' depths for the vertical cross 
section tows along the axis of the Intracoastal Waterway in the bay. Sensors 
were at 1', 5' and 9' on both horizontal tows in the Gulf. 
4. Coliform Bacteria 
Coliform samples were returned to the field laboratory within 90 minutes and 
placed in an ice chest. Bacterial counts were made by the Pinellas County 
Department of Health, and the data are presented in this report without 
modification. Surface water samples were retrieved at all stations. The 
Seminole Bridge station (Bay Station 4) also included bottom water samples. 
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5. Nutrients 
Within 90 minutes of collection of each water sample, a portion was filtered 
through a Nuclepore membrane filter, placed in a plastic bottle containing 
mercuric chloride (40 mg/l), and immediately placed in an ice chest. Upon 
return to the laboratory (within 24 hours) samples were frozen until analysis 
could be made using a Technicon Autoanalyzer II. Accuracy of determinations 
is estimated as better than 3%. Nutrients analyzed were P04-P, N03-N, 
NH3-N, N02-N and Si02-Si. 
6. Turbidity and Water Color 
All water samples retrieved on the survey were measured within 3 hours using 
a Hach 2100A turbidimeter. Samples were lightly agitated before pouring into 
the cuvette. A standardization adjustment was made between each sample 
measurement. 
On each of the two Gulf surveys, continuous underway measurements of trans-
missivity were made using a Hydro Products Model 612 transmissometer with a 
10 cm light path. The Hach turbidimeter data were judged to be of higher 
quality than the transmissometer data and the towed data were therefore not 
included in this report. 
A portion of each water sample was filtered through a glass fiber filter 
and used for determination of water color with a Hitachi Model 139 Spectro-
photometer at a wavelength of 400 nm (4000 ~). 
7. Benthic Vegetation Photography 
Aerial photographs were made from an altitude of 800' to identify prominent 
benthic vegetation. The camera used was identical with that used for dye 
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photography except that a Wratten 12 filter was added. Film was infrared 
Ektachrome. A full description of the technique is contained in a paper 
by Feigl and Pyle (1973). Although high turbidity is a limitation to the 
technique, it is usually possible to identify any significant benthic 
vegetation . Grasses cannot be positively differentiated from algae on the 
aerial photographs. 
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IV. MEASUREMENTS AND INTERPRETATION 
A. Area Meteorology 
The period of the Boca Ciega survey was characterized by nominal seasonal 
weather conditions. Northerly winds were generally of moderate intensity. 
Air temperatures varied from the low 40's at night to the 50's and 60's 
during the day. Cloud cover was generally heavy and precipitation occurred 
on 15 and 18 February. Table 3 summarizes the weather for the period 
immediately preceding and during the survey. Data are from the nearest 
National Weather Service St~tion at Tampa International Airport. Precipi-
tation data from Tampa may be less representative than other parameters be-
cause of normal variations in measured rainfall over relatively short 
distances. 
Wind stress on the bay surface can be expected to influence water movement. 
Wave induced water turbulence also can be expected to cause higher levels 
of dissolved oxygen. The shallow portions of the bay will be well mixed. 
Air temperature ranged close to measured water temperatures. The precipi-
tation recorded for 15 and 18 February might be reflected as a slight 
decrease of surface salinity from runoff, particularly in the Cross Bayou 
area. During the Gulf measurements, northerly winds produced some whitecaps 
on seas of l' to 2' height. Good mixing should result at the near surface 
with oxygen values near saturation. 
B. Tides and Currents 
1. Boca Ciega Bay 
a. Tides 
Tidal data are illustrated in Figures 2 and 5. Amplitude, times of high and 
low tides, and tidal 1ags ,are very nearly as predicted by the National Ocean 
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TABLE 3 
AREA METEOROLOGICAL SUMMARY - TAMPA INTERNATIONAL AIRPORT 
Dew 
Sea Level Air Point Wind 
Time 1973 Pressure Temp. Temp. Speed Dir. Cloud Cover % Precip. 
iilll Date (inches) of of (MPH) (Deg.) * S-S 24 hrs. (inches) 
10 Feb 52 (avg) 19.3 100 100 Trace 
11 Feb 44 (avg) 11.5 0 10 0 
12 Feb 49 (avg) 8.2 100 70 0 
13 Feb 63 (avg) 9.6 90 90 0 
14 Feb 68 (avg) 11.2 70 60 Trace 
0556 15 Feb 29.99 65 62 8. 1 180 60 60 .58 
1156 30.07 69 56 15.0 320 
1755 30.05 60 50 15.0 300 
2355 30.11 - 54 47 9.2 310 
0556 16 Feb 30.14 47 41 8. 1 330 20 10 0 
1155 30.22 55 39 11.5 330 
1755 30.16 50 37 13.8 310 
2356 30.23 44 37 10.4 360 
N 0557 17 Feb 30.27 39 8.1 350 60 60 0 N 25 
1155 30.28 51 22 11.5 040 
1756 30.21 51 25 11 .5 020 
2355 30.24 45 32 11. 5 040 
0557 18 Feb 30.24 43 37 10.4 030 100 100 .35 
1156 30.26 50 46 11.5 070 
1755 30.17 53 51 8.1 070 
2356 30.18 53 51 6.9 080 
0556 19 Feb 30.14 50 48 12.7 050 90 90 .04 
1156 30.21 59 54 9.2 040 
1755 30. 17 63 53 9.2 010 
2356 30.19 52 48 8.1 040 
0557 20 Feb 30.20 44 40 5.8 330 70 90 0 
1155 30.22 63 62 13.8 340 
1755 30.19 57 33 12.7 320 
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Figure 5.ridal Relationships Over the Study Area 
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Survey Tide Tables (1973). Their relationships indicate that the survey 
was conducted under nominal tidal conditions. 
b. Currents 
The magnitudes and directions of measured currents (refer to Index Chart, 
Fig. 3 for locations) are presented in Figures 6 through 9. Data (Figure 6) 
shows Johns Pass to be a major conduit for water exchange between Bay and 
Gulf. Current velocities at Johns Pass were the highest encountered over 
the survey area. Initial placement of the current meter near the bridge 
at Johns Pass showed velocities exceeding the range of the instrument. The 
current meter was therefore moved to channel marker R6 for the remainder of 
the recording period. Velocities at R6 reached 50 cm/sec on both flood and 
ebb tides. Marker R6 current data shows flow in a north-northeasterly direction 
on flood and a south-southwesterly direction on ebb. 
Figure 7 illustrates the water motion near the Madeira Beach Causeway. 
Current magnitudes range from 10 to 15 cm/sec with a west-northwesterly 
direction on flood tide and over 40 cm/sec south-southeasterly on ebb. 
Directions are probably influenced by the location of the instrument at 
a bend in the Intracoastal Waterway. 
Figure 8 shows the current record near the draw bridge span of the Treasure 
Island Causeway. The record is short (about 6 hours) because of an instrument 
malfunction. Data presented are primarily from a period of flood tide. 
Speeds measured at this station are lower than at ~il other bay stations, 
with a maximum of 8 cm/sec. Current direction is just west of south. 
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Figure 9 shows the current speed and direction at the outfall of the St. 
Petersburg NW Sewage Treatment Plant. Velocities are considerably lower 
than those at Johns Pass. During flood tide, current is generally easterly 
at the outfall with a maximum velocity of 10 cm/sec. During the ebb, water 
movement is southerly with velocities reaching 20 cm/sec. 
On 20 February 1973, ,two photographic overflights were made to record the 
movement of Rhodamine WT dye plumes at eight sites in the bay. Dye movement 
in all cases reinforces the current measurements. The patterns of dye move-
ment are shown in Figure 10 for flood tide. Figure 10 shows significant 
movement through Johns Pass for the 9 minutes during which the dye remained 
visible from the air. Ground observers then noted that the dye patch sub-
merged in a current eddy, re-emerged near marker R6 and followed the channel 
in a north-northwesterly direction. At stations Band C the motion was in 
the expected northwesterly direction for a flood tide. Net movement from 
station D (Seminole Bridge) was southward. This may have been due to surface 
movement of fresher water from Lake Seminole and Cross Bayou. At station E 
(the dye drop point and discharge of St. Petersburg NW Sewer Treatment Plant), 
the dye patch elongated in a north-south direction and as a whole shifted to 
the east. This information confirms the easterly component of currents 
during flood tide shown on the current meter record. At stations F and G, 
the main and west bridges of Treasure Island Causeway, dye plumes were 
observed to move south. So~therly water movement at these stations during 
flood tide at Johns Pass was unexpected because of the proximity of Blind 
Pass. Station H was located in the canal between the Isle of Palms and the 
Isle of Capri. The notable lack of dye transport at this location indicates 
a very poorly flushed area. 
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The pattern of dye plume movements at the same eight stations during an ebb 
tide at Johns Pass is shown in Figure 11. The pattern at stations A-C is 
consistent and indicates significant net flow from the northwest arm of the 
bay on ebb tide. Stations 0 and E exh~bited the same flow pattern on ebb . 
tide as they did on the previous flood tide, but net movement to the south 
was greater during the ebb. Stations F and G also showed the same pattern 
on ebb as flood. The rate of movement at F was about the same during both 
flights but the rate at. G (nearest Blind Pass) was approximately twice as 
great on ebb as on flood. At station H in the finger development area; 
movement was even less than it had been on the morning's flood tide; the 
dye appeared to stay in one place and slowly settle to the bottom. 
c. Summary of Flood Tide Water Motion 
Flood tide current patterns .in Boca Ciega Bay during the period of this 
study are interpreted and illustrated in Figure 12. There is a strong 
current from the Gulf of Mexico through Johns Pass. The main component 
of this current is northeastward, generally following the marked channel 
from Johns Pass toward the Intracoastal Waterway. Currents then follow 
the general line of the Intracoastal channel toward Madeira Beach Causeway. 
The lower velocity noted near Madeira Beach on flood tide may be partially 
due to current meter location. It may also indicate a net transport 
southward in the Intracoastal Waterway. A portion of the water moving 
through Johns Pass on flood tide also moves in an easterly direction 
influencing water motion at the St. Petersburg sewer outfall. (The north-
south elongation of the St. Petersburg dye patch on flood tide (Figure 10) 
indicates that this easterly current from Johns Pass may split and cause 
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the diffusion of the effluent northward toward Cross Bayou and to the 
south simultaneously). The flood tide demonstrates a relatively weak 
southerly transport through the Treasure Island Causeway bridges. 
d. Summary of Ebb Tide Water Motion 
Figure 13 shows ebb tide current patterns interpreted from the survey data 
in Boca Ciega Bay. Nearly all water motion in the bay is in a southerly 
direction. Water in the northwest arm of the bay moves southeasterly toward 
the confluence of the Intracoastal Waterway and Johns Pass channel then 
flushes strongly to the Gulf through Johns Pass. Ebb tide current velocities 
at Johns Pass are similar to those measured on the flood tide. Current meter 
and dye data both indicate that water motion in the eastern portion of the 
bay near the St. Petersburg sewer outfall is in a southerly direction on ebb 
tide and does not move toward Johns Pass. Dye drops and the limited current 
meter record at Treasure Island Causeway indicate a stronger southward flow 
during ebb tide than on flood tide. 
2. Gulf of Mexico 
a. Tides 
Figure 2 shows the tidal record at Johns Pass during the time of the Gulf 
surveys. Amplitude and timing are essentially as predicated by National 
Ocean Survey tide tables. 
b. Currents 
Current measurements made in the Gulf during the surveys are shown in Figure 14. 
Highest velocities recorded were 14 em/sec. At stations 1 and 2 (see 
Fig. 4) directions were southeasterly, i.~., onshore. The onshore bottom 
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current at these stations may result from entrainment of Gulf water in the 
strong south-southeasterly jet through Johns Pass during ebb tide. More 
data is required to test this hypothesis . 
C. Temperature and Salinity Distributions 
Temperature measurements were made by three methods on the survey. A self 
recording thermograph was located from 1800 EST on 15 February to 1200 EST 
on 17 February at the St. Petersburg outfall. During the 19 hour water 
quality survey of 16-17 February, surface and bottom temperature were 
measured at each of the 10 sampling stations for each of the six runs. 
Continuous underway measurements of temperature were made in Boca Ciega 
Bay during two flood tides on 14 and 18 February, and during an ebb tide on 
18 February; measurements were made in the Gulf during flood and ebb tides 
on 19 February. Surface and bottom salinities were determined from samples 
taken during the six 90 minute sampling runs of 10 stations during the 19 
hour water quality survey in Boca Ciega Bay and during the flood and ebb 
tide surveys in the Gulf. 
1. Boca Ciega Bay 
a. Continuous Underway Temperature Measurements 
(1) Flood Tide 
The thermal survey in Boca Ciega Bay on 14 February, was conducted during 
a flood tide. The tide was the last fully diurnal flood before the transition 
to semi-diurnal tides which were characteristic of the balance of the survey 
period . 
The dominant features of temperature distribution (Figures 15 and 16) were 
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the influx of cooler Gulf water through Johns Pass, extending toward the 
northern and southern extremities of the bay, and the significantly warmer 
water originating in Cross Bayou. (Cross Bayou is at least partially 
blocked from communication with the bay proper by a long sand island). No 
influence on temperature can be detected from currents through the Madeira 
Beach or Treasure Island Causeways. As indicated by current meter data, 
flow was north and south respectively through these passes. Interpretation 
of the contour charts is in agreement with current patterns determined by 
current meter and dye methods. 
The morning survey on 18 February was conducted between the hours 1132-1322 
EST, followed by a 3 sensor tow from 1345-1445 EST northward over the length 
of the Intracoastal Waterway. Both contour (Figures 17 and 18) and profile 
measurements of temperature (Figure 19) are relatively featureless, although 
the influence of cooler surface and 21 water can be seen in the Cross Bayou 
embayment (Figures 17 and 18). 
(2) Ebb Tide 
The afternoon survey on the 18th was conducted in two parts: 2 sensor coverage 
from 1620 to 1802 EST and a 3 sensor tow over the length of the Intracoastal 
Waterway from 1821 to 1912 EST. Again, the data contours (Figures 20, 21 and 
22) show no striking features, but there is some indication of warmer water 
outflow from the canal separating Capri Isle and the Isle of Palms. A plume 
of slightly warmer surface water also results from the vertical mixing of 
effluent at the St. Petersburg outfall. (Based on temperature patterns, 
current data and dye movement in this region of the bay appears to be south-
ward at this time.) 
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b. Temperature at the St. Petersburg Sewer Outfall 
During the period of thermograph reco~ding (Figure 23), temperature at the 
St. Petersburg outfall showed a 3.l o C (5.6°F) range. No strong tidal influence 
is seen in the data. Absolute values are consistent with other data taken at 
this station. 
c. Temperatures and Salinities at Water Quality Stations 
Eight of the 10 stations sampled showed no significant salinity gradient. 
Mixing was not complete at stations 4 and 5 (Seminole Bridge and St. Peters-
burg outfall.) Plots of salinity and temperature versus time at these stations 
are shown in Figure 24. 
At station 4, during the peak of high tides, the water column appears well 
mixed. During low tides, the lower salinity surface water is seen to be 
overriding the bottom water . . Surface water temperature gradually decreased 
during the period of the survey as a result of meteorological trends. 
2. Gulf of Mexico 
a. Continuous Underway Temperature Measurements 
(1) Flood Tide, Changing to Ebb 
The continuous underway measurement of temperature at depths of 1 I, 51 and 
91 was begun on 19 February, at 1124 EST and the tow was completed at 1507 
EST. 
The contoured data (Figures 25 through 27) show that synopticity for the 
survey was not as good as planned. The final legs of the sensor tow covered 
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the southeastern quadrant of the survey area. Ebb tide had already begun 
during these legs and warmer bay water can be seen moving southward. 
(2) Ebb Tide 
The continuous underway measurement of temperature at the 1', 5' and 9' depths 
was repeated between the hours of 1555 and 1859 EST during full ebb tide. 
The presence of slightly warmer bay water can be seen on the contoured data, 
Figures 28 through 30. The effect is most obvious at the surface. 
b. Salinities in the Gulf of Mexico 
The survey run during the flood changing to ebb period shows data at stations 
1, 2 and 9 which are in doubt. All other station data during this and the 
subsequent ebb tide survey show a small salinity gradient, with the bottom 
water generally 1-2 parts per thousand more saline than the surface. Data 
are shown in the Appendix. 
D. Dissolved Oxygen Concentration and Biochemical Oxygen Demand 
1. Boca Ciega Bay 
a. Continuous Underway Measurements of Dissolved Oxygen 
Contours of the three-dimensional distribution of dissolved oxygen concentra-
tions proved to be a good indicator of physical processes in Boca Ciega 
Bay. Contoured data resulted from tows of the USI sensors. 
(1) Flood Tide 
I i. 
The morning 2 sensor survey on 18 February was conducted between the hours 
of 1132 and 1322 EST followed by a 3 sensor vertical tow from 1345 to 1445 
EST northward over the length of the Intracoastal Waterway. Figures 31 and 
32 show the results of the 2 sensor tow. Dissolved oxygen concentrations 
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• 
in the bay proper are approximately 8.0 - 8.5 ppm at the surface. In the 
Cross Bayou embayment, oxygen is reduced to 7.3 - 8.0 ppm and if allowance 
is made for the greater solubility of oxygen in lower salinity Cross Bayou 
water, the water is undersaturated with oxygen. Although salinity was not 
measured during this run, data taken on 16 February, flood tide, showed the 
surface salinity at Cross Bayou to be 19.0 ppt. In the bay proper (excluding 
Johns Pass) surface salinity averaged 29.0 ppt. At a temperature of 53°F 
the saturation value of oxygen is 9.7 ppm for Cross Bayou water. For the 
bay proper, the temperature was approximately 54°F and the saturation value 
for the higher salinity water was 9.1 ppm. Thus the surface of the main bay 
was at 93% saturation, while Cross Bayou was at 76% saturation. Although the 
oxygen levels encountered in this part of Cross Bayou embayment are not 
dangerously low at this time, the region is likely to be depleted below 
acceptable levels during the warmer months. 
A slight depression is seen as a plume from the St. Petersburg outfall . At 
the 2' depth, oxygen values are lower than for the surface over most of the 
bay. The higher values at the 2' depth than at the surface at Cross Bayou 
reflect intrusion of higher salinity bay water at the 2' depth. The vertical 
tow in the Intracoastal Waterway (Figure 33), again revealed a slight 
depression of D.O. in a plume from the St. Petersburg outfall. Values less 
than 8 .0 ppm are encountered at the 3' depth at the Madeira Beach end of the 
track. By t he time the vertical sensor tow was completed, tide was ebbing, 
and the low values probably reflect the movement of water from north of the 
Madeira Beach Causeway. 
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(2) Ebb Tide 
The afternoon survey on the 18th was conducted between the hours of 1620 
and 1802 EST for the 2 sensor horizontal coverage and 1821 and 1912 EST 
for the 3 sensor vertical tow. 
Figures 34 and 35 show the results of the 2 sensor tow. Dissolved oxygen 
values throughout the bay, including Cross Bayou embayment, were significantly 
higher than during the morning survey. Values at the surface and 21 depth 
were similar. The contours suggest that Cross Bayou water is moving southward 
out of the constricted embayment as would be expected. Water containing 
depressed oxygen levels is found at the mouth of the canal separating Capri 
Isle and Isle of Palms. Contours of data from the vertical sensor tow 
(Figure 36) confirm generally high oxygen values. and the depression noted 
during the earlier survey is no longer present at the Madeira Beach end of 
the survey line . 
b. Water Quality Survey 
(1) Dissolved Oxygen 
Dissolved oxygen concentrations at six selected stations during the 19 hour 
survey are shown in Figures 37 to 39. (The six stations chosen for this 
and subsequent discussions represent locations near the extremities of the 
survey region (five bridges) and a central location at the St. Petersburg 
sewer outfall . Complete data from all bay and Gulf stations are in the 
Appendix.) Stations 1, 5, 7, 8 and 10 showed little variation in oxygen 
concentration . Values at these stations approached saturation. Station 4 
was near saturation during the afternoon and early evening hours indicating 
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both photosynthetic activity and addition of water from the bay proper. 
During the night, respiration as well as ebbing tide lowered the dissolved 
oxygen concentration at station 4 to below saturation. 
(2) Biochemical Oxygen Demand 
As shown in Figures 40 to 42, the BOD exceeded 2.0 ppm at all six of the 
selected stations during some period of the survey. The highest value 
observed was 6.8 ppm at station 1 during the ebb tide. This high value 
probably resulted from the flow of water from the north through the Madeira 
Beach Bridge during ebb tide and from the Madeira Beach sewage outfall. 
Stations 4 and 5 showed surprisingly low BOD values (less than 4.0 ppm) possibly 
as a result of chlorine addition. Stations 7, 8 and 10 showed BOD values which 
exceeded 3.0 ppm during periods of ebb tide. 
2. Gulf of Mexico 
a. Continuous Underway Dissolved Oxygen Measurements 
(1) Flood Tide, Changing to Ebb 
The continuous underway measurement of dissolved oxygen at depths of 1', 5' 
and 9' was begun on 19 February at 1124 EST and the tow was completed at 
1507 EST. 
Figures 43 to 45 show dissolved oxygen contours for the 3 measured depths. 
The water column was well mixed to the 9' depth and dissolved oxygen showed 
little variation from saturation. 
(2) Ebb Tide 
The continuous underway measurement of dissolved oxygen and temperature at 
the 1', 5' and 9' depths was repeated between the hours of 1555 and 1859 
EST during an ebb. 
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There is some suggestion of influence from Boca Ciega Bay in the contoured 
data, Figures 46 through 48. At the 1 I and 51 depths, oxygen values are 
generally higher than during the flood tide survey, but this may be the 
normal diurnal effect. At 91 , values are quite similar to those in the 
earlier survey. 
b. Biochemical Oxygen Demand 
The BOD values obtained during the Gulf survey during flood and ebb tides 
are shown in Table 4 (refer to Index Chart, Figure 4.) Values ranged from 
0.0 - 1.005 ppm. No differences can be attributed to tidal influences, 
indicating that once Boca Ciega Bay water leaves Johns Pass, it is rapidly 
diluted with Gulf water and BOD values are negligible. 
Station 
2 
3 
4 
5 
6 
7 
8 
9 
10 
TABLE 4 
BIOCHEMICAL OXYGEN DEMAND 
GULF OF MEXICO - SURFACE 
5 Da~ BOD 
Flood {changing to Ebbl 
0.670 
0.654 
0.383 
0.548 
0.581 
0.501 
0.894 
1.000 
1.005 
0.582 
75 
{mg/l } 
Ebb 
0.565 
0.666 
0.751 
0.641 
0.548 
0.447 
0.941 
0.150 
0.530 
0.0 
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E. Coliform Bacteria 
1. Boca Ciega Bay 
Of the 6 selected stations shown in Figures 49 through 51, only stations 
7 and 8 did not, at some time during the survey, exceed health standards 
for coliform bacteria in bathing water (lOOO/lOOml). Stations 1, 4,5 and 
10 exceeded this level at least during ebb tide when dilution could be 
expected to be minimal. Station 10 showed relatively high values only 
during ebb tide as water from the northwest portion of the bay was flushed 
through Johns Pass. The levels at stations 7 and 8 indicate little 
addition of coliform bacteria from the Treasure Island sewage treatment 
p1int at these sites. As shown in the Appendix, of the other four stations 
measured, only station 2 had a bacterial count which exceeded the 1000/10Oml 
standard at some time during the survey. 
The high number of coliform bacteria at station 1 (1609/10Oml) was greater 
than the highest number at station 5 (1300/10Oml) even though discharge from 
the St. Petersburg sewage outfall is nominally greater than the Madeira 
Beach outfall. This may be the result of more thorough chlorine treatment 
by the St. Petersburg plant. 
Station 4 showed the highest number (16,090/100ml) of coliform bacteria. 
Numbers exceeded the 1000/10Oml standard during all tidal stages. This 
indicates that sewage from the Cross Bayou plants is receiving inadequate 
treatment and that the Cross Bayou area is poorly flushed. 
2. Gulf of Mexico 
Table 5 (refer to Index Chart, Figure 4) shows the coliform bacteria counts 
at the 10 stations in the adjacent Gulf during flood and ebb tides. Numbers 
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ranged from 2-23/100ml. This substantiates previous statements about the 
flushing and dilution of water through Johns Pass. 
Station 
2 
3 
4 
5 
6 
7 
8 
9 
10 
F. Nutrients 
1. Boca Ciega Bay 
TABLE 5 
COLIFORM BACTERIA 
GULF OF MEXICO - SURFACE 
Flood 
8 
8 
2 
2 
23 
2 
2 
2 
13 
2 
MPN/100ml 
Ebb 
2 
2 
2 
2 
2 
2 
5 
2 
4 
8 
Nutrient concentrations for Boca Ciega Bay are shown in the Appendix. Silicate 
concentrations during the survey ranged from 0.070 ppm to 1.89 ppm; the higher 
values occurred at stations 4 and 5 (Seminole Bridge and St. Petersburg's 
Northwest Sewage Outfall) but these concentrations are low in comparison to 
other estuaries with larger fresh water inflow. 
83 
On the other hand, the remainder of the analyzed nutrients showed a higher 
range than reported for the Anclote River (Baird ~~ 1972; Geo-~1arine, 
1973). During this survey inorganic phosphate ranged from 0.026 ppm to 
1.68 ppm, nitrate ranged from 0.005 ppm to 0.212 ppm, and ammonia ranged 
from 0.003 ppm to 0.562 ppm. The low values indicate the influx of nutrient 
poor water from the Gulf of Mexico, particularly at station 10. The high 
values indicate the nutrient rich waters at stations 4 and 5. 
Domestic sewage contains approximately 10 ppm of total phosphorus. With 
secondary treatment 20-40% of this can be removed; thus at the point of 
discharge, total phosphorus concentrations should be in the range of 6 to 
8 ppm. Based on salinity measurements at the St. Petersburg outfall, 
dilution with receiving waters was at least 10 fold at the surface. The 
phosphate values, based on this dilution, should range from 0.6 - 0.8 ppm. 
The values of inorganic phosphate observed at stations 4 and 5, which in all 
but one instance were greater than 0.8 ppm (see Appendix), indicate both 
inadequate treatment and inadequate dilution. 
Figures 52 to 54 show the combined nitrate and phosphate concentrations at 
6 stations during the survey. These nutrient plots give arbitrary measure-
ment of the degree of eutrophication and allow comparison to other estuaries. 
The values obtained for station 1, 7, 8 and 10 (0.37 to 6.0) are less than 
the single values reported for the eutrophied Alafia and Manatee Rivers 
(Baird et al., 1972) and are similar to the values reported throughout the 
tidal cycle for the Anclote River at Alternate 19 Bridge (Geo-Marine, 1973). 
The low values (less than 1.0) occurred only when the estuarine water was 
diluted with Gulf water; such dilutions did not occur at stations 7 and 8. 
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Bay Stations 1 and 4 - 16 & 17 February 1973 
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Stations 4 and 5 showed the highest values for the combined nutrients. These 
nutrients are entering the environment from the sources north of the Seminole 
Bridge and from St. Petersburg's Northwest Sewage Treatment Plant. The high 
values observed at station 4 were higher than reported for any other estuarine 
condition in the Tampa Bay area (Baird et al., 1972) and indicate a eutrophied 
and poorly flushed environment. 
2. Gulf of Mexico 
Table 6 (refer to Figure 4) shows the combined nitrate and phosphate levels 
in the survey area of the Gulf during flood and ebb tides. Surface and bottom 
values ranged from 0.35 to 0.98 ppm. Little or no difference was observed 
between the two tidal conditions indicating that water leaving Boca Ciega Bay 
through Johns Pass is rapidly diluted and mixed with nutrient poor Gulf water. 
TABLE 6 
NUTRIENTS 
GULF OF MEXICO 
(N03-N) x 102 + 
Flood {changing to Ebb} 
Station Surface Bottom 
.958 .802 
2 .352 .381 
3 .373 .404 
4 .516 .430 
5 .916 .408 
6 . 426 .462 
7 .393 .360 
8 .770 .349 
9 .406 .521 
10 .572 .479 
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P04 -P (ppm) 
Surface 
.536 
.519 
.819 
.449 
.477 
.552 
.849 
.676 
.531 
.978 
Ebb 
Bottom 
.589 
.523 
.590 
.729 
.708 
.566 
.524 
.401 
.895 
G. Turbidity 
1. Boca Ciega Bay 
Turbidity values for Boca Ciega Bay during the period of the 19 hour water 
quality survey are shown in Figures 55 through 59. Compared to those from 
the Gulf of Mexico, these turbidity values are high. Highest turbidities 
are associated with the strongest currents and correlate well with tides. 
Measurements at the bottom were generally higher than surface values. 
Stations 9 and 10 (Figure 55) in the channel leading to Johns Pass show 
highest turbidities, as expected, since they lie within the main current 
t hrough Johns Pass. Several measurements are in the range of 50 J.T.U. 
Station 2, in the path of the same current, also shows turbidities in the 
50 J.T.U. range at the bottom. 
Station 8, at the Treasure Island Causeway, had bottom turbidities of 
over 40 J.T.U . on the second flood tide of the survey. Stations 1, 4 and 
7 consistently had the lowest measured turdibities while 3, 5 and 6 in the 
central bay exhibited intermediate values. 
2. Gulf of Mexico 
Turbidity values in the Gulf of Mexico are shown in Table 7 (refer to Index 
Chart, Figure 4). As expected, values are low compared to those in the bay. 
The bottom measurement of 41 J.T.U. at station 9 may be due to the sampler 
stirring up the bottom. 
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Figure 55. Turbidity - Bay Stations 9 and 10 - 16 & 17 February 1973 
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Figure 56. Turbidity - Bay Stations 1 and 2 - 16 & 17 February 1973 
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TABLE 7 
TURBIDITY 
GULF OF MEXICO 
Flood rchanging 
TURBIDITY {J.T.U.} 
Station to Ebb) Ebb Surface Bottom Surface Bottom 
8 7 5 5 
2 4 5 4 4 
3 4 7 5 4 
4 4 7 4 5 
5 6 5 4 5 
6 4 5 5 6 
7 5 9 6 5 
8 4 5 4 8 
9 5 41 5 
10 8 9 9 10 
H. Water Color 
1. Boca Ciega Bay 
Water color values ranged from 0.019 to 0.169 and were generally lowest at 
Johns Pass (station 10, Figure 60) and highest at Seminole Bridge (station 
4, Figure 61) and the St. Petersburg sewer outfall (station 5, Figure 62). 
(All data are given in the Appendix.) The maximum value of 0.169 at station 
4 is only one-half the maximum recorded during Geo-Marine's survey of the 
Anclote River at A19 bridge near the Tarpon Springs sewer outfall. The 
minimum value of 0.019 at stations 2, 9 and 10 is approximately one-third 
the minimum value recorded at the most seaward station during Geo-Marine's 
Anclote River survey (Geo-Marine, 1973). This comparison indicates the 
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relatively small influence of fresh water run-off in upper Boca Ciega Bay 
compared to the Anclote River estuary at the time of the two surveys 
(February 1973 and December 1972, respectively). 
Within Boca Ciega Bay itself, the maximum variation in water color at a 
given station was from 0.049 to 0.160. This occurred at station 4, which 
also exhibited the highest values of water color and the greatest differences 
in color between surface and bottom waters . This suggests the possibility 
of some fresher water (more highly colored) discharge, perhaps on an irregular 
basis, at the south end of Cross and Long Bayous. This is corroborated by 
t he dye plume studies which indicate net southerly flow on both ebb and flood 
t ide. It is also supported by the salinity measurements which show a significant 
gradient at Seminole Bridge except during the peak of flood tide. The minimum 
variation in water color at any station (from 0.021 to 0.037) was found at 
station 6. This suggests little exchange of water at this station which lies 
among the finger developments of Capri Isle and Isle of Palms. Mean values 
of six surface water color ' measurements at each station are ranked i n Table 
8. These are consistent with the concept of a dual pattern system of water 
motion in the bay indicated by current meter and dye measurements. Stations 
in the eastern bay and near sewer outfalls have the highest average values 
of water color. Two other features of note are observed in the water color 
data from the six transects. One is the monotonic decrease with time in 
the difference between surface and bottom water color at Seminole Bridge 
(station 4, Figure 61). The difference was initially 0.075 then 0.061, 
0.041, 0.022 and finally zero. Second is the consistent pattern at the 
St. Petersburg Northwest Sewage Outfall (station 5, Figure 62) of higher 
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water color at the surface than bottom. This is basically the result of 
buoyant ascent of the fresh discharge waters from the submerged pipe to 
form a plume that is also quite visible in aerial photography. 
TABLE 8 
MEAN VALuES OF WATER COLOR DURING THE 19 HOUR SURVEY 
Mean Surface 
Water Color 
0.131 
0.078 
0.048 
0.042 
0.040 
0.040 
0.037 
0.035 
0.035 
0.031 
2. Gulf of Mexico 
Station 
4 Seminole Bridge 
5 St. Petersburg Sewer Outfall 
Madeira Beach Causeway 
7 Treasure Island Causeway (Drawbridge) 
3 Intracoastal Waterway - Central 
2 Northwest Bay 
9 Johns Pass - Intracoastal Channel 
10 Johns Pass 
8 Treasure Island Causeway (Western Bridge) 
6 Canal, Isle of Palms/Capri Isle 
No significant trends can be discerned in the water color data from the flood 
and ebb tide Gulf survey as shown in Table 9. During the flood changing to 
ebb survey, surface water color varied from 0.02 at station 9 in the center 
of the area to 0.08 at station 2 to the northwest. Bottom water color 
varied from 0.02 recorded at six of the stations to 0.05 at station 1. 
This survey extended through the end of a flood tide and the beginning of 
an ebb tide (at Johns Pass) and no clear pattern can be seen in these data. 
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TABLE 9 
WATER COLOR 
GULF OF MEXICO 
Absorbance at 400 nm) 
Ebb Station Surface Bottom 
1 .049 .048 .030 .027 
2 .081 .029 .030 .024 
3 .027 .020 .030 .030 
4 .028 .020 .034 .030 
5 .036 .021 .028 .027 
6 .030 .023 .030 .024 
7 .026 .019 .027 .020 
8 .026 .019 .038 .022 
9 .024 .039 .033 
10 .038 .034 .030 .039 
During the ebb tide Gulf survey, a plume of more highly colored bay water 
was expected to extend into the Gulf, but surface water values were remarkably 
uniform (i.~., .03 at 8 of the 9 stations sampled, .04 at the other). Bottom 
water values were almost equally monotonous, ranging from .02 at four stations 
to .04 at the mouth of Johns Pass (Station 10). 
I. Benthic Vegetation 
1. Aerial Photography 
Aerial photographs of the survey area were taken by Geo-Marine on two occasions. 
On January 9, 1973, a reconnaisance flight employed infrared Ektachrome film 
to determine whether benthic vegetation existed in upper Boca Ciega Bay and, 
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if so, to determine its distribution. Benthic vegetation is visible at 
only a very small percentage of the area of Boca Ciega Bay surveyed (Figure 
63). Most of what is found occurs on shoals adjacent to tidal channels 
inside Johns Pass. A few small patches of vegetation were visible on pre-
sumed spoil banks on either side of the Intracoastal Waterway just north of 
the Treasure Island Causeway. 
2. Ground Truth Assessment 
A ground level check on the interpretation of the aerial photographs was made 
on 1 April 1973. Such a check is especially desirable at this time of year 
when seagrass growth is retarded, biomass is reduced, and fewer leaves are 
visible. 
All the vegetation areas shown in Figure 63 included sea grasses, always 
mixed with and often covered by benthic algae. A narrow bed of seagrass, 
mainly Diplanthera (shoalgrass), was also found in two areas not shown in 
Figure 63. These areas are the "natural" eastern shore of the bay from 
site 3 to site 4 (see Table 10) and the undeveloped shoreline of the 
Veterans Administration hospital from site 8 to site 12. In each of these 
cases, the narrow seagrass bed was more evident by its rhizomes than by 
its leaves and, therefore, was not mappable from the air. No seagrasses 
were observed in the embayment leading to Lake Seminole and Cross Bayou, 
even on the natural shoreline between sites 6 and 7. This area yielded 
only algae such as sea lettuce (Ulva lactuca). 
102 
JOHNS 
PASS 
~ 
~O~ 
- -1---
. :. .. 
• BENTHIC VEGETATION-
AERIAL PHOTOGRAPHY 
o BENTHIC VEGETATION-
FIELD IDENTIFICATION 
[SEE TABLE 10 FOR 
DESCRIPTION] 
o 
I 
CIEGA BAY 
1/4 
I 
1[2 
I 
N.M . 
. ~ 
\ 
, 
• 
\ 
• 
• 
• 
Figure 63. Distribution of Benthic Vegetation - Boca Ciega Bay -
February - April 1973 
103 
Site 
2 
3 to 4 
5 to 7 
8 
9 
10 
11 to 12 
13 
14 
15 
16 
17 
TABLE 10 
NOTES ON BENTHIC VEGETATION IN AREAS SHOWN IN FIGURE 63 
Grasses Identified: Thalassia testudinum (turtle grass) 
Diplanthera wrightii (shoal grass) 
Syringodium filiforme (manatee grass) 
Algae Identified: Ulva lactuca 
Enteromorpha sp. 
Gracilaria sp. 
Commentary 
Thalassia, Syringodium and Diplanthera present in this 
estimated order of abundance; mixed stand; patchy. 
Small beds seen on aerial photos could not be found; probably 
Diplanthera 
Littoral Diplanthera occurred in a band 10 to 50 feet wide, 
20 to 50 feet offshore; dense rhizomes; very shallow water. 
Ulva and Enteromorpha 
Diplanthera 
Diplanthera; fairly dense 
Moderately dense littoral Thalassia and some Diplanthera 
Diplanthera 
Mixed Diplanthera and Thalassia; patchy 
Diplanthera and Enteromorpha 
Patchy Diplanthera and dense Enteromorpha and Ulva above grasses 
Mixed Diplanthera and Thalassia; patchy 
Diplanthera, Enteromorpha and Ulva 
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J. Notes on Bathymetry 
Significant errors exist in the bathymetry shown in National Ocean Survey 
Chart 858 (as revised September 30, 1972). Although a detailed chart of 
bottom contours was not prepared during this survey, depth recordings 
were routinely made on all measurement runs. 
All along the northeastern shore of the Isle of Palms and the northeastern 
and northern shore of Capri Isle (Treasure Island) the bottom is trenched 
deeply, and depth in some places reaches more than 25 1 • The trench probably 
results from dredging. The trench could playa part in the circulation 
pattern of the bay, particularly during unstratified periods. 
The region to the south of Seminole Bridge is deeper than shown on Chart 858 
for approximately 1/4 mile . Further knowledge of the bathymetry of this area 
would be required for any detailed study of the flushing characteristics of 
the embayment . 
Very prominent relief on the order of 5 feet characterizes the bottom in the 
Johns Pass narrows. The combination of high water velocities and the rough 
bottom causes a very turbulent flow through the pass, particularly on flood 
tides. 
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V. SUMMARY AND CONCLUSIONS 
The survey of Boca Ciega Bay shows a complex estuary with poor water 
quality. During the time of the survey the bay exhibited two distinct 
flushing systems. Figure 64 illustrates the approximate line of demarcation 
between the two systems. Under different conditions, the position of this 
demarcation line may change or the line may not exist. 
The western portion of the bay comprises a system which leaks some water 
into the eastern bay regions, particularly during flood tides. The eastern 
portion of the bay shows a relatively slow southward water movement at all 
times from Seminole Bridge to Treasure Island Causeway. Some Johns Pass 
water is entrained in the eastern flow system on flood tide. 
Pollutants introduced into the eastern bay at Cross Bayou, St. Petersburg 
outfall (and possibly at the Capri Isle/Isle of Palms Canal) move primarily 
to the south through Treasure Island Causeway. This study revealed no 
evidence that any of this material is flushed through Johns Pass. Coliform 
numbers are extremely high at Cross Bayou, indicating poor flushing of the 
area, inadequate treatment of the sewage, or both. Dissolved oxygen was 
also depressed in the Cross Bayou embayment suggesting that during the 
summer, values may well be lowered to critical levels for some marine life. 
The western portion of the bay exhibits much healthier flushing characteristics 
but during ebb tides high values of BOD and coliform bacteria are found near 
the Madeira Beach Causeway. Although some pollutants may originate at the 
outfall of the relatively small Madeira Beach primary treatment plant, a 
significant and unidentified source may exist in the region to the north of 
the causeway. 
106 
o 
I 
JOHNS 
PASS 
1/4 
I 
N. M. 
m 
1/2 
I 
CIEGA BAY 
.. 
.. 
.. 
.. 
.. 
.. 
~ 
.. 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
0 
0 
.~ 
\ 
, 
• 
\ 
l-
f/) 
> 
f/) 
> 
« 
aI 
z 
IX: 
W 
I-
III 
<l 
W 
Figure 64. Water Motion Systems - Boca Ciega Bay - February 1973 
107 
Data taken in the Gulf of Mexico adjacent to Johns Pass showed little 
variation in time or space. Salinity gradients were small. Turbidity 
was low and water quality parameters demonstrated a healthy natural 
environment. Measured bottom currents showed an onshore component. 
and ebb tide currents from Johns Pass tended to be deflected southeastward 
along the coast. 
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VI. RECOMMENDATIONS 
The ultimate objective of this study is to judge the feasibility of 
discharging tertiary treated effluent into Boca Ciega Bay or secondary 
treated effluent into the Gulf of Mexico. The effluents would have their 
source at the South Cross Bayou sewage treatment plant. 
The region of Johns Pass exhibits the best dilution and flushing characteristics 
in the portion of Boca Ciega Bay studied. A timed (ebb tide) discharge of 
tertiary treated effluent at a carefully selected location in this region would 
exert little or no deleterious effects on the bay. Continuous release might 
compound an already existing problem in the Madeira Beach Causeway area. The 
ultimate effects of timed discharge on the Gulf beaches and marine life would 
require a detailed physical/biological study from the point of discharge 
seaward. Continuous discharge would require that the study be conducted in 
the northern and western portions of Boca Ciega Bay. Unless an overland 
pipeline route is available, effects of dredging the bay floor for pipeline 
burial would also require investigation. Such studies should be conducted 
during late summer, a contrasting period when fresh water inflow and ambient 
temperatures are higher. 
Discharge of secondary treated effluent offshore in the Gulf raises two 
serious environmental questions. First, the limited evidence of this 
study shows an onshore component of currents, at least near the bottom. 
Although dilution of effluents from a properly designed diffuser outfall 
would undoubtedly be great, the result may not be acceptable . . Secondly, 
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extensive dredging for the discharge pipe would be necessary. Upland spoil 
disposal would probably be required. For these reasons, we do not presently 
recommend offshore disposal of secondary treated effluent without further 
investigation, including a tracer study during times of persistent onshore 
winds and a seasonal analysis of the vertical distribution of sea water 
density at the discharge point. 
Although the alternative was not presented in the request for this study, 
it also might be feasible and desirable to discharge this waste water into 
Cross Bayou. Assuming nominal efficiency of the proposed tertiary sewage 
treatment process and a very low rate of failure, discharge of this clean 
water would probably improve conditions in Cross Bayou. If the effluent 
meets advanced treatment standards, it may be unwise to incur extra expense 
and ecological disruption to discharge it into Boca Ciega Bay or into the 
Gulf of Mexico. 
If, however, the proposed discharge does not replace existing discharges 
but merely adds to them, we feel that the poor flushing characteristics of 
Cross Bayou would lead to a high potential for buildup of pollutants; 
consequently, the Bayou should not be used for discharge. In addition, 
if it is determined that the chance of failure of the advanced treatment 
process is unacceptably high, we recommend that this area not be used for 
discharge if the Bayou is to return to a healthy environment. 
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VIII. APPENDIX 
Station Data Taken 16 and 17 February 1973 in Boca Ciega Bay and 
19 February 1973 in the Gulf of Mexico. 
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~ 
~ 
.po 
STD. STA . 
TIME NO. 
1706 Surface 
1 
1707 Bot tom 
1 71 6 s 
2 
1718 8 
1724 S 3 
li26 9 
S 
1735 4 
1738 B 
1746 s 
5 
1750 B 
17 54 s 
6 
1756 B 
1800 s 
7 
1802 B 
1806 s 
8 
1808 B 
1836 s 
9 
1838 B 
1841 s 
10 
B 
TEMP. 
·C 
15.3 
15.3 
15.4 
15.4 
15.4 
14 6 
16.7 
15.4 
15.9 
15.4 
14.9 
14.9 
15.3 
15 . 3 
15.3 
15.3 
14.9 
14. 7 
14.2 
BOCA CrEGA BAY 
SALIN. DEPTH D. O . 5 DAY BO D'COLIFORM 
%. Feet ppm ppm MPN/1CX)ml 
29.4 8.698 2.974 7 
29.3 1 1 8 . 790 3.039 
29.65 8.927 1 .700 1609 
29.7 10 9.009 1 .709 
29.9 9.055 1 .619 130 
130.2 8 19.092 1 .484 
19. 5 9.009 2.434 5420 
28.0 6 8.405 1 .739 1720 
27.8 8.918 2.089 790 
29.8 4 8.973 2.271 
31. 0 8.918 1 .673 14 
31. 4 1 2 8.973 1 .546 
29 . 7 9.009 2.126 79 
30. 1 1 1 8.973 1 .365 
30.5 9.156 1 .693 49 
31.1 11 8.973 1. 601 
31.7 8.863 1 .871 2 
31. 5 8.844 1 .254 
31.2 8.561 1. 280 7 
8.478 1. 160 
16 Feb . 1973 
. --. .,- -._--
NO , . N \ 
TURBIDITY COLO~ ~~ U 'id l ~ ;;l S ;.' r) :; l 
-, --- - ' 
._. 
JTU 4000 A PO.1· P NO:\· N NH J · N SiO;,> · Si 
1 3 .066 .168 .0176 . 042 .499 .0013 
1 1 .052 · 1 51 .0148 .029 .470 .0068 
12 .044 · 172 .0156 . 025 .414 .0075 
1 3 .040 · 185 .0152 .021 .470 .0079 
17 .042 .183 .0174 .029 .389 .0090 
1 7 .036 · 176 .0186 .026 .443 .0091 
7 . 160 1 . 68 . 2124 .362 1 .64 .2016 
10 .085 .669 .0811 .180 .973 .0751 
20 .094 1. 44 .0380 .689 1 .89 .0344 
22 .079 1. 05 .0325 .562 1. 44 .0252 
17 .035 . 214 .0183 .065 .360 .0136 
20 .026 .184 .0187 .052 .371 . 01 1 1 
. 
16 .043 .342 .0473 .064 .433 . 0304 
21 .040 .287 .0378 .062 .389 .0262 
1 2 .029 .246 .0292 .043 .374 . 0180 
1 3 .030 .244 .0339 .048 .368 .0165 
28 .026 
33 .024 .0129 .013 . 160 .0064 
80 .021 . 1 31 .0079 .182 .0030 
77 .024 .092 .0189 .244 . 0084 
BOCA CIEGA BAY 1 6 Feb, 1 973 
STD. STA . TEMP. SALIN . DEPTH D. O . S DAY BOD COLIFORM TURBIDITY COLOfl t:u 11'1 :: 1415 r pOl 
TIME NO. 
. .. -_ .- . . - --
NO . N I ·C %. Feet ppm ppm MPNI JCX)ml JTU 4000A P04 ' P NO I ' N NH :l' N Si 0 2 ' Si 2 
221 1 Surtilce 14.4 30 .4 , 8.377 1 . 132 1609 1 4 .037 · 152 .0167 .025 . 380 .0076 
1 
2212 Bottom 14.6 30. 5 ~ 11 8.442 0.907 1 4 .033 .084 .0205 .372 . 0105 
2219 s 13.8 30 . 1 c 8.716 0 . 710 70 30 .022 · 1 29 .0083 .00 8 . 23 4 . 0036 
2 
2221 B 13.9 30 . 3C 1 2 8.716 2 . 829 41 .01 9 · 1 22 .0049 .007 . 168 .0030 
222.6 s 13.9 30. 8C 8.616 1 .742 23 1 7 .027 .146 .0135 .016 .246 .0058 
3 
2228 B 13.9 30.9E 9 8.606 1.596 23 .026 · 1 29 .0089 .009 .217 .0045 
2246 s 14 . 6 23.9E 8.442 1 . 450 3450 8 . 110 1 .05 . 1 201 .264 1 .04 .1029 
4 
2248 B 14.4 29.21=: 8 8 . 451 2.727 2400 1 5 .049 .266 .0351 . 071 . 469 .0226 
2300 s 14.4 28.32 8.524 1 .342 23 30 .060 .895 .0083 .550 1. 44 .0110 
5 
--' 2302 B 13 . 9 31 . 1 2 6 8 .570 0.908 32 .024 .143 .0058 .019 .209 .0038 
--' 
(J1 
2308 s 13.9 31 .4 C 8.286 0.425 23 20 .021 .048 . 0069 .022 · 122 .0038 
6 
2310 B 13. 9 31. 3E 1 5 8.304 0.506 26 . 025 .111 - . 0082 .006 · 146 .0044 
2316 s 
7 
14 . 0 29.32 8 .570 1 . 171 460 13 .047 . 339 .0382 .106 .441 .0323 
2318 B 14.2 29.31=: 1 3 8.680 1 2 .051 .336 .0388 . 1 01 .431 .0315 
2330 s 14.0 30.5, 8 . 771 1 .399 79 1 1 .034 .258 .0259 .063 . 310 .0200 
8 
2332 B 15.0 30. 91 1 3 8.790 1 .354 1 2 .035 .257 . 0287 .052 .369 .0164 
2348 s 1 3 . 6 8.387 0.716 240 
9 
2350 B 13.8 31 . 24 1 5 8.790 1 . 01 9 32 .025 · 1 26 .2037 .005 · 1 57 .0032 
2354 s 13. 5 31 . 2 ~ 8.469 0 . 888 33 37 .024 · 126 .0059 .004 .168 .0025 
10 
2356 B 13. 8 31 . 2 E 18 8. 515 46 .022 .082 .005 · 1 1 0 
-~ 
BOCA C r EGA B AY 1 7 Feb. 1 973 
... '-'---' -_ . ~ -- -. . ---
STD. STA . TEMP. SAL! N . DEPTH D. O . 5DAY BOD COLIFORM TUHBIDITY COLO~ I :UTI1IE t. rs p~rn 
TIME 
. . .. - -- ... ---- -
NO . ·C %. Feet ppm ppm MPN/lOOml JTU 4000A P04 · P NO.j' N NH .\· N Si 0 ,> ' Si NO ,. N 
0234 Su rtace 14.0 29. 9 ~ 8.570 2.656 542 8 .043 
1 
0238 Bot tom 14.2 30.0C 1 1 8.579 1 .297 1 0 .043 .143 .0113 .020 .507 .0065 
0256 s 13.8 30.0C 8.524 2.764 70 1 8 .045 .080 .0093 .018 .344 .0054 
2 
0258 B 14.0 30.0C 1 1 8.506 1 .496 29 .041 .108 .0097 .020 .313 .0060 
030") 5 
3 
13.2 30.9 ( 8.313 1 . 158 172 20 .027 · 149 .0097 .018 . 1 74 .0054 
0301:: B 13. 2 30.9 t 8 8.295 1 .249 20 .029 · 159 .0095 .015 .281 .0054 
0320 5 13. 2 25. 2 ( 6.903 1 .396 2400 8 .099 .731 .0909 . 1 91 .841 . 1 037 
4 
0325 B 13.8 28.5~ 7 7.746 1720 13 .058 .418 .0472 . l04 .571 .0466 
0330 5 13 .4 
5 
29. 1 ~ 8,185 1 .302 330 19 .081 .865 .0176 .489 1 .34 .0233 
en 
0332 B 13.4 31 . 1 E 5 8.203 1 . 1 39 18 .050 .248 .0092 .232 .534 .0105 
0336 5 13.4 30.9, 8.551 2.284 141 1 6 .030 · 183 .0131 .048 .206 .011 0 
6 
0338 B 13.8 31 . 1 E 13 8.350 4.637 1 8 .031 .104 .0072 .017 . 1 62 .0054 
0344 S 13. 2 29.71 8 . 496 1 .396 348 1 2 .048 .328 .0313 .084 .339 .0279 
7 
0346 B 13.8 29.8L 8 8.515 2.737 1 2 .050 .296 .0315 .082 .343 .0252 
0351 S 14.0 30.% 8.561 1 .470 49 9 .030 · 132 .0123 .029 .322 .0108 
8 
0353 B 14.4'30.8E 1 2 8.295 2.716 9 .035 · 173 .0347 .036 . 31 1 . 01 1 9 
0408 5 13.6 30. O~ 8.405 5.525 542 42 .043 · 1 52 .0126 .019 .292 .0073 
9 
0410 B 13.8 30.21 11 8.368 3.287 42 .040 .154 .0129 .023 .276 .0070 
0414 s 12.9 29.5, 8.350 3.260 918 39 .051 .274 .0278 .071 .342 .0226 
10 
B 30. O~ 11 8.332 1 .684 38 .052 .204 . 01 71 .033 .328 .0127 
--
BOCA CIEGA BAY 17 F e b . 1 9 7 3 
STD. STA . TEMP. SALIN. DEPTH D. O . 5 DAY BOD COLIFORM TURBIDITY COLO~ NUl RILiHS pp m 
TIME NO . - - ' ·C %. Feet ppm ppm MPN/K)()ml JTU 4000 A P04 'P NO." N NH l' N SiO::,' Si NO " N 
0548 Surface 12.8 30.01 ~.707 4.740 49 1 0 .043 .083 .0042 .008 .189 .0042 
1 
0550 Bot tom 13. 0 30. 1 1 8 ~.680 6 · 688 1 1 .043 · 128 .0024 .004 .292 .0045 \ 
0555 s 13. 2 29.97 8.634 1 . 51 5 33 1 4 .042 · 136 .0029 .005 .104 . 0023 
2 
0557 B 13.4 30.00 1 0 S.643 1 .434 18 .046 .128 .0036 .027 . 122 .0022 
0601 s 13.0 30.42 ~.240 2.806 790 16 .044 .171 .0144 .024 .229 .0074 
3 
0602 B 12.6 30.52 7 ~.231 3.730 18 .035 · 177 .0136 .024 .238 .0063 
s 
4 LOW TIDE 
B 
, NO I CCESS o STATI ON 
0608 s 13.0 29.06 ~.764 2.873 1300 1 7 .075 .616 .0674 .239 .786 .0680 
5 
---' 
---' B 
12 . 8 3 
-....J 
0613 s 13.0 31 .03 S·432 2 . 282 240 1 3 .030 .242 .0284 .073 .244 .0184 , 
6 
0615 B 12.6 30.58 1 2 ~.423 1 .322 1 6 .035 .21 2 .0192 .039 .225 .0114 
0620 s 13. 6 30 . 03 S·084 23 1 2 .041 .281 .0431 .093 .403 .0268 
7 
0622 B 13.8 ~0.29 11 ~.213 1 5 .040 .303 .0358 . 080 .327 .0234 
062 8 s 13. 6 ~ 1 . 00 ~.341 3.632 17 8 10 .031 .31 5 .0549 . 061 .385 .0154 
0630 B 13.6 ~0.95 11 S.295 1 .394 1 2 .047 · 31 1 . 0557 .057 .389 .0152 
0644 s 13.0 ~O.OO S. 561 3. 145 240 25 .066 · 149 .0108 .012 .188 .0045 
9 
0645 B 1 2.8 30.08 1 4 ~.506 1 .496 22 .046 .077 .0108 .015 .210 .0045 
0649 s 12. 6 ?9.30 ~.515 2.827 1609 22 .068 .326 .0351 .090 .379 .0281 
10 
0651 B 13.4 30.03 ~.442 1. 885 25 .049 · 1 91 .0142 .033 .247 .0080 
BOC A CIEGA BAY 17 Feb. 1973 
STD. STA . TEMP. SALIN . DEPTH D. O. S Df,Y BOD COLIFORM rUf1l31DITY COLOn t<llrn IEN TS rp "1 I 
TIME NO. °c 
0 --- - _.. ._-
%0 Feel ppm ppm MPN/lOOml JTU 4000A P04 ' P NO~I ' N NH ~ ' N Si 0 ., , Si NO . N . ) ,! 
-. 
0908 Surface 12.8 30.18 8.561 1 .632 1609 10 .043 .051 .0017 .008 .348 .0014 
1 
0910 Boltom 13 . 0 30.18 9 8.460 1 .396 1 3 .042 .075 .0094 .014 .303 .0053 
091 5 5 13.0 30.20 8.396 1 .450 1609 29 .045 .139 .0347 .018 .240 .0092 
2 
0917 B 1'3.0 30.31 1 0 8.359 1 .883 29 . 042 .075 . 0126 .024 .183 .0073 
0921 s 12.0 28.55 8.258 1 .384 542 1 5 .060 .246 .0416 .062 .336 .0302 3 
0923 B 12.8 28.61 8 8.258 5.324 16 .060 .218 . 0389 .062 .343 .0367 
0935 s 11.8 20.26 6.867 2.239 16090 4 10 . 157 1. 61 .1894 .420 1. 34 .1386 
0937 B 1 3 . 1 22.92 7 7.068 0.031 16090 11 .135 1.13 .1644 .319 .99 . 1186 
0944 s 13.0 
5 
26.09 8.194 1. 130 542 1 5 .100 .835 . 0514 .504 1.62 .0483 
--' 0946 B 13.0 26.72 4 8.194 1 .673 17 .089 .650 .0439 .472 ~. 18 .0409 
co 
0950 s 12.8 30.76 8.432 2.862 918 22 .037 · 1 51 .0204 .244 .0115 
6 
0952 B 13.0 30.79 10 8.432 1 . 1 32 43 .032 · 170 .0169 .043 .241 .0124 
0955 s 13.0 30.67 8.478 1 . 251 221 14 .035 . 259 .0309 . 055 .317 .0184 
7 
0957 B 13.2 30.72 1 1 8 . 387 4.420 1 3 .034 .249 .0280 .057 .328 .0188 
1005 s 13.0 30.60 8.506 1 . 224 240 1 1 .037 .242 .0266 .060 .303 .0185 
8 
1006 B 13.0 30.70 9 8.377 0.950 1 0 .070 · 1 69 .0243 .049 .326 .0147 
1016 s 12.8 31 .33 8.387 1 .268 22 68 .026 . 134 .0062 .013 . 093 .0043 
9 
1018 B 13.0 31. 38 1 5 8.496 5.399 62 .022 .102 .0051 .006 .093 .0033 
1023 5 12.8 31 .41 8.432 0.815 1 7 57 .023 .094 .0048 .004 .090 .0025 
10 
1025 B 13.0 31 .40 1 7 8 . 405 0.788 52 . 023 . 048 .0041 .003 .070 .0022 
-- -
BOCA CIEGA BA Y 17 Feb. 197 3 
STD. STA. TEMP. SALI N . DEPTH D. O. 5DAY BOD COLIFORM TURBIDITY COLOR NUTRIENTS ppm 
TIME NO. ·C %. Feet MPN/lOOml 
0 .- . . --._ -
ppm ppm JTU 4000A P04 ' P NOJ ' N NH :l ' N Si 0 2 ' Si NO ,? ' N 
1 1 06 Surface 13.0 30.34 8.570 1 .651 542 1 8 .053 · 170 .01 21 .025 .261 .0093 
1 
30.35 1108 Bot tom 13.0 1 0 8.524 0.817 23 .050 · 1 65 .0127 .025 .345 
.0085 
1 1 1 6 S 12.8 30,3~ 8.616 3.273 130 18 .041 · 173 .01 59 .026 .223 .0118 I 
2 i 
1118 B 12.8 31 . 1 E 1 1 8.387 0.970 52 .026 .094 .0047 .008 .095 .0030 
1122 S 12.8 30.1: 8.908 5.629 348 20 .042 · 1 57 .0200 .036 .276 .0148 
3 
1124 B 12.8 30.42 8 8.661 3.435 25 .040 · 157 .0184 .035 .216 . 0135 
1132 S 12.2 22. 11 7.709 2.891 5420 8 . 130 .995 . 1 641 .231 .825 .1039 
4 
1134 B 13.4 22.51 7 7.691 1 .904 5420 7 . 1 31 1.09 .1864 .280 .940 .1226 
1145 s 13.4 27. 1 ' 8.533 3.398 46 27 .060 .344 .0209 .487 1. 55 .021 5 
5 
'" 
1 146 8 13.0 29.7( 5 8.625 2.448 23 .043 · 179 .0203 . 199 .445 .0175 
11 53 5 13.0 30.9E 8.579 2.502 348 1 6 .034 · 1 21 .0120 .069 . 176 .0075 
6 
11 55 B 13.5 31. 4 ~ 13 8.423 20 .030 .068 .0124 .024 . 1 51 .0065 
1200 s 13.0 30. 3~ 8.753 3.708 542 1 3 .040 .246 .0256 .055 .256 .0195 
7 
1202 8 13.4 30.61 12 8.771 3.120 1 6 .037 .246 .0254 .055 .255 .0174 
1 21 2 s 13.2 30. 5~ 8.790 1 .526 34 1 0 .040 · 162 .0241 .052 .230 .0158 
8 
1214 8 13.8 30.81 1 5 8.506 1 . 777 9 .038 .217 .0287 .054 .290 .0149 
1225 s 13.0 31 .3! 8.487 1. 11 5 2 41 .023 .026 .0026 .014 .067 .lHJl1 
9 
1227 B 13.0 31 . 3 ~ 1 3 8.487 4.602 45 .021 · 145 .0077 .009 .093 .0038 
1237 S 1 3 . 0 31 .31 8.533 3.398 1 3 43 .024 · 1 53 .0064 .010 .093 .0030 
10 
1238 B 13.0 31 .31 1 7 8.524 0 . 916 42 .023 .078 .0062 .005 .104 .0030 
N 
o 
STD 
TIME 
1132 
1203 
1233 
1326 
1150 
1 21 5 
1255 
1353 
1427 
1 1 1 5 
STA , 
NO , 
Surface 
1 
Bot tom 
s 
2 
B 
s 
3 
B 
s 
4 
B 
s 
5 
B 
s 
6 
B 
s 
7 
B 
s 
8 
B 
s 
9 
B 
S 
10 
B 
GULF OF ME XIC O 
TEMP, SALIN , DEPTH 0 , 0 , 5DAY BOD 
·C %. Feet ppm ppm 
31.67 , 8.432 0.670 
30.96 1 5 
33.39 8.533 0.654 
30.52 21 
31 .58 8.661 0.383 
32 . 89 24 
31 . 68 8.771 0.548 
32.68 21 
31 .21 8.506 0.581 
31 .9 c; 
31 . 51 8.561 0.501 
32.17 
31 .61 8.982 0 . 894 
32.83 
31 . 5 ~ 8.735 1 . 000 
32.3<:; 
32.32 8.844 1 .005 
30.9E 
31 .42 8.606 0.582 
31 . 4 ~ 
1 9 F eb. 1 9 7 3 
COLIFORM TURBIDITY COLO~ t,L.; rH l ENTS pp m 1 
- --- ~--. 
MPN/lOOml JTU 4000A P04 ' P NO ' N ,\ NH ] ' N Si 0 2 ' Si N0 2 ' N 
8 8 .049 .128 .0083 .010 .144 .0057 
7 .048 .072 .0073 .016 .578 .0057 
8 4 .081 .162 .0019 .009 .194 .0138 
5 .029 . 081 . 0030 .010 .695 . 0037 
2 4 .027 · 1 23 .0025 . 007 · 1 52 .0025 
7 .020 .154 .0025 .006 .128 .0025 
2- 4 .028 · 136 . 0038 . 010 · 145 .0029 
7 .020 .150 .0028 .004 .223 .0020 
23 6 .036 · 176 . 0074 . 011 . 253 . 0047 
5 .021 .048 .0036 . 008 .087 .0035 
2 4 .030 · 1 26 .0030 . 005 .116 .0020 
5 .023 · 1 32 .0033 . 005 · 153 .0015 
2- 5 .026 · 123 . 0027 .005 .107 . 0017 
9 . 01 9 · 140 .0022 . 005 .107 .0020 
2- 4 .026 · 140 . 0063 .005 · 102 .0021 
5 .019 .079 .0027 .005 · 1 1 0 . 0015 
1 3 5 .024 · 1 36 . 0027 . 005 .108 .0015 
41 .039 . 081 .0044 .005 · 139 .0025 
2 8 .028 · 132 .0044 . 005 .090 .0025 
9 .034 .099 .0038 .005 · 100 .0025 
N 
--' 
STO STA . 
TIME NO. 
1551 Surface 
1 
Bottom 
1621 S 
2 
B 
1645 s 
3 
B 
1716 s 
4 
B 
1610 s 
5 
B 
1640 s 
6 
B 
1 652 s 
7 
B 
1747 s 
8 
B 
1830 S 
9 
B 
1548 S 
10 
B 
TEMP. 
·C 
GULF OF MEXICO 
SALIN. DEPTH D. O. 5DAYBOD COLIFORM TURBIDITY 
%. Feet ppm ppm MPN/lOOml JTU 
31 .39 ~.716 0.565 2 5 
31 .81 5 
31 .37 ~.890 0.666 2- 4 
32. 12 4 
31 .44 ~. 174 0.751 2 5 
32.62 4 
31 .54 9.064 0.641 2- 4 
32.66 5 
31 .32 8.835 0.548 2- 4 
31 .83, 5 
31 .39 8.707 0.447 2- 5 
32.35 6 
. 31 .42 9.174 0.941 5- 6 
32.74 5 
31 . 51 8.790 0.150 2- 4 
32.64 8 
8.808 0.530 4 
5 
31 . 17 9.092 8 9 
31.11 10 
19 Feb. 1973 
COLO~ NUTfllcNTS ppm 
-- _ .. --..,--
4000 A P04 ·P NO:.f N NH-! ' N Si02' Si NO,' H 
.030 .116 .0042 .005 .316 .0025 
.027 · 129 .0046 .005 · 1 52 .0027 
.030 .119 .0040 .005 .316 .0027 
.024 · 133 .0039 .005 .190 .0028 
.030 · 11 9 .0070 .005 · 101 .0045 
.030 .140 .0045 .005 .116 .0028 
.034 .119 .0033 .005 · 1 57 .0030 , 
.030 · 149 .0058 .005 .160 .0028 
.028 .047 .0043 .005 .064 .0020 
.027 .098 .0061 .005 · 130 .0023 
.030 .102 .0045 .005 .086 .0020 
.024 · 136 .0043 .005 .097 .0020 
.027 .059 .0079 .005 .087 .0040 
.020 .144 .0038 .005 · 116 .0025 
.038 .096 .0058 .005 .087 .0030 
.022 · 141 .0026 .005 . 128 .0020 
· 1 1 1 .0042 .005 .093 .0029 
.033 
. 030 .098 .0088 .005 .089 .0042 
.039 · 1 1 5 .0078 .005 · 122 .0048 
